Flexibility in positional behavior, strata use, and substrate utilization 1 among Bale monkeys (Chlorocebus djamdjamensis) in response to habitat 2 fragmentation and degradation 3 4 Abstract: Studies of the effects of habitat fragmentation and degradation on primate positional 25 behavior, strata use, and substrate utilization offer valuable insights into the behavioral and 26 ecological flexibility of primates whose habitats have undergone extensive anthropogenic 27 disturbance. In this study, we evaluated how positional behavior, strata use, and substrate 28 utilization differed between Bale monkeys (Chlorocebus djamdjamensis)bamboo-eating 29 cercopithecids endemic to the southern Ethiopian Highlandsoccupying continuous versus 30 fragmented forests. Bale monkeys in forest fragments (where bamboo had been degraded or 31 eradicated) spent significantly more time on the ground and in understory strata whereas those 32 in continuous forest spent significantly more time in the middle and upper strata. Bale monkeys 33 in forest fragments also spent significantly more time walking and galloping and significantly 34 less time climbing than those in continuous forest. Our results suggest that, unlike the primarily 35 arboreal Bale monkeys in continuous forest, Bale monkeys in forest fragments should be 36 characterized as semi-terrestrial. In response to habitat disturbance in fragments, we observed 37 a greater emphasis on terrestrial foraging and travel among Bale monkeys in these human 38 altered habitats, which may put them at greater risk of predation and conflict with nearby human 39 populations. Bale monkeys in fragments exhibit flexibility in their positional behavioral 40 repertoire and their degree of terrestriality is more similar to their sister taxa in Chlorocebus 41 than to Bale monkeys in continuous forest. These findings suggest that habitat alteration may 42 compel Bale monkeys to exhibit semi-terrestrial behaviors crucial for their persistence in 43 human-modified habitats. Our results contribute to a growing body of literature on primate 44 behavioral responses to anthropogenic modification of their habitats and provide information 45 that can contribute to the design of appropriate conservation management plans.
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INTRODUCTION
Kokosa forest fragment (hereafter Patchy fragment) consists mostly of large trees and 173 degraded bamboo set amidst a matrix of human settlement, cultivated land, shrubland, and 174 grazing land. Patchy fragment covers 1.62 km 2 at elevations ranging from 2534 m to 2780 m 175 asl. Most of the fragment is owned privately by local individuals, though a smaller portion is 176 collectively owned by the local community (Mekonnen et al., 2017) . Logging of bamboo by 177 local people is common in the fragment today, though it was dominated by bamboo forest just 178 three decades ago (Mekonnen et al., 2012) . 179 Afursa forest fragment (hereafter Hilltop fragment) is set upon a hilltop and is a mix of 180 secondary forest, shrubland, and a Eucalyptus plantation with graminoid and forb cover 181 underneath. Bamboo has been nearly eradicated at Hilltop fragment, which covers only 0.34 182 km 2 at elevations ranging from 2582 m to 2790 m asl. It is surrounded by an anthropogenic 183 matrix of cultivated lands, pastures, and human settlements. Currently, cutting of trees and use 184 of the fragment for grazing are prohibited. However, the edge of the fragment, especially the 185 ground cover underneath the Eucalyptus plantation, is used for grazing. Like Patchy fragment, 186 Hilltop fragment was dominated by bamboo forest only three decades ago (Mekonnen et al., 187 2012) . The distance between Hilltop and Patchy fragments is ~9 km and they have been 188 separated by human settlements, grazing land, and agriculture for many decades (Mekonnen et 189 al., 2012) . The continuous forest and forest fragments are ~160 km apart (Mekonnen et al., 190 2017). The continuous forest is characterized by lower annual rainfall and temperature than the 191 forest fragments (Mekonnen et al., 2018) . Additional quantitative details about the study areas, 192 groups, and characteristics of home ranges can be found in Table 1 of a previous publication 193 (Mekonnen et al., 2017) . 194 195 Study groups individuals) with adjacent, partially overlapping ranges at Odobullu, one group at Kokosa fragment: 7388 records) (Mekonnen et al., 2017) . We collected data on 52 days from 222 Continuous A (mean = 4.3 days; SD ± 0.7; range 3-5 days per month), 54 days from Continuous 223 B (mean = 4.5 days; SD ± 0.8; range 3-6 days per month), 61 days from Patchy (mean = 5.1 224 days; SD ± 0.3; range 5-6 days per month), and 67 days from Hilltop (mean = 5.6 days; SD ± 225 0.7; range 5-7 days per month).
226
When scanning an individual, we recorded its activity as either feeding, moving, resting, 227 socializing, or vocalizing as described in Table 1 and in greater detail in a previous publication 228 (Mekonnen et al., 2017) . During each individual scan, when a monkey was observed traveling, 229 we recorded its locomotor mode. We also recorded postural behaviors for feeding and resting 230 bouts based on body shape and limb position. Our definitions for both locomotor modes and 231 postural behaviors followed Hunt et al. (1996) (Table 1) . To investigate the relative use of 232 different strata in the environment (i.e., vertical habitat utilization), we recorded the strata use 233 category for each scan record (Table 1) . To examine substrate use patterns, we visually 234 estimated the type, size, inclination, and number of substrate(s) that supported the main weight 235 of the animal during each scan record (Table 1) .
237
Data analysis 238 We calculated the monthly percentage contribution of each locomotor mode, postural behavior, 239 strata use category, and substrate utilization pattern for each Bale monkey group by dividing 240 the monthly contribution of each category of a locomotor mode, postural behavior, strata use 241 category, substrate type, and substrate utilization pattern with their corresponding total 242 contributions. The sampling efforts for all categories summarized in this study are presented in 243   Table S1 . We analyzed lifestyle (terrestrial vs. arboreal) from recorded strata use patterns.
244
Lifestyle denotes the general categorization of a species' ecology and behavior depending on 245 the relative proportion of time spent on the ground or in the canopy layer (lower, middle, and upper strata). We categorized a species/population as terrestrial if it spends ≥60% of its time on 247 the ground (Isbell et al., 1998; Motsch et al., 2015) , semi-terrestrial if it spends 20-59% of its 248 time on the ground, and arboreal if it spends >80% of its time in the trees (Motsch et al., 2015) . 249 We initially calculated and compared variables for each Bale monkey study group 250 individually and tested for differences among groups using the one-way analysis of variance 251 (ANOVA) model followed by the Tukey honest significant difference (HSD) post hoc test.
252
Given that the results for both groups within each habitat type exhibited similar patterns, we 253 combined the two continuous forest groups and the two fragmented forest groups for data 254 analysis. We used a one-way ANOVA to examine differences between continuous forest and 255 fragment groups in the monthly percentage contribution of locomotor and postural modes, strata 256 use, lifestyle, and substrate type, size, inclination, and number. To normalize the data, we 257 implemented logit transformations of proportion data before conducting statistical analysis as 258 recommended by Warton and Hui (2011) . We tested all data for normality using Shapiro-Wilk Overall, and during traveling and feeding, groups in forest fragments spent significantly more 269 time on the ground and in the lower stratum but significantly less time in the middle and upper 270 strata than groups in continuous forest (Table 2; Figure 1A ,B,C). During resting, the middle stratum was the most frequently used by all study groups, while the use of other strata varied 272 among groups in continuous forest and forest fragments ( Figure 1D ). Specifically, groups in 273 continuous forest spent significantly more time in the middle and upper strata, and significantly 274 less time in the lower stratum and on the ground, than groups in forest fragments during resting 275 (Table 2; Figure 1D ). Figure 4A ). During feeding, groups in both continuous forest and forest 292 fragments most frequently used twigs. They also sometimes used branches, lianas, boughs, or 293 trunks (Table 2; Figure 4B ). During resting, groups in both continuous forest and forest 294 fragments most frequently used branches and twigs, whereas boughs, trunks, and lianas were 295 infrequently used ( Figure 4C ). However, groups in continuous forest used branches and lianas more frequently, and twigs and trunks less frequently, than groups in forest fragments during 297 resting, though there was no difference in the use of boughs between continuous forest and 298 fragment groups (Table 2) .
300
Substrate size: During locomotion, Bale monkeys in all study groups most often used medium 301 sized supports, followed by small, large, and very large supports ( Figure 4D ). Furthermore, 302 groups in continuous forest used small and very large substrates more frequently, and medium 303 sized substrates less frequently, than groups in forest fragments (Table 2 ). However, there was 304 no difference in the use of large substrates between continuous forest and fragment groups 305 (Table 2) . During feeding, all groups used small and medium substrates frequently whereas 306 large and very large substrates were rarely used ( Figure 4E ); there were no significant 307 differences in the sizes of substrates used by groups in continuous and fragmented forests during 308 feeding ( Table 2) . During resting, the most frequently used substrate size class was medium 309 followed by small and large substrates, whereas very large substrates were rarely used ( Figure   310 4F). Groups in forest fragments used medium substrates significantly more, and large and very 311 large substrates significantly less, than groups in continuous forest, but there were no 312 differences in the use of small substrates between continuous forest and fragment groups ( Table   313 2).
315
Substrate inclination: During locomotion, groups in continuous forest more frequently used 316 vertical substrates and less often used oblique substrates than groups in forest fragments (Table   317 2; Figure 5A ), but there was no difference in the use of horizontal substrates between continuous 318 forest and fragment groups ( Table 2) . During feeding and resting, the most frequently used 319 substrate inclination class was horizontal followed by oblique, whereas vertical substrates were 320 not used ( Figure 5B, 5C ). No significant differences in patterns of substrate inclination use were found between groups in continuous and fragmented forest during feeding (Table 2) . During 322 resting, groups in forest fragments used oblique substrates significantly less than groups in 323 continuous forest (Table 2; Figure 5C ), but there was no difference in the use of horizontal 324 substrates between continuous forest and fragment groups ( Table 2) . 325 326 Substrate number: During both locomotion ( Figure 5D ) and resting ( Figure 5F ), use of a 327 single support was more common, whereas during feeding, use of multiple supports was more 328 common ( Figure 5E ). However, there was no difference in the use of single and multiple 329 substrates between continuous forest and fragment groups ( Table 2) . Our study revealed that Bale monkeys in fragments exhibit flexibility in their locomotor 333 behavior, feeding posture, degree of terrestriality, and substrate utilization patterns in response 334 to habitat alteration due to habitat fragmentation and degradation. We suggest that the reduction 335 in habitat quality and changes in matrix use patterns in fragments are probably responsible for 336 the shift among Bale monkeys from an arboreal lifestyle in continuous forest to a semi-337 terrestrial lifestyle in fragments. Our results suggest that locomotor mode, feeding posture, and 338 strata use are strongly influenced by forest fragmentation and associated habitat degradation.
339
Resting posture was not influenced by changes in forest type, suggesting that forest degradation 340 does not impact resting posture to the same degree that it impacts other behaviors. climbing than those in continuous forest, perhaps because it is energetically expensive to climb 394 vertically, and frequent ascent and descent in a fragmented setting would be energetically 395 unfavorable (Hanna, Schmitt, & Griffin, 2008) . Our recent study showed that Bale monkeys in conspecifics in continuous forest, suggesting that monkeys in fragments adopted a strategy of 398 energy minimization (Mekonnen et al., 2017) . Similar to our Patchy group, primates in other 399 studies also spent less time leaping when they traveled through habitats with discontinuous 400 canopies, likely because gaps in fragmented areas are too large to cross via leaping (Lawler, 401 Ford, Wright, & Easley, 2006; Workman & Schmitt, 2012; Zhou et al., 2013) .
402
Our results also suggest that habitat fragmentation and degradation affect feeding posture Lastly, to reduce the risk of falling, monkeys may frequently use sitting postures while feeding 410 arboreally. Frugivorous species more often feed in a standing posture related to the more mobile, 411 softer, or harder to obtain feeding sources they exploit than folivorous species, which tend to 412 sit while feeding because their food sources are easy to collect and must be chewed for long 413 periods of time (Youlatos, 1998a).
414
Unlike during feeding, resting postural patterns were similar irrespective of habitat type. 415 This finding suggests that the changes to habitat structure in this case simply do not affect 416 resting posture, a result consistent with previous studies of callitrichines and cercopithecids 417 (Garber & Pruetz, 1995; McGraw, 1996) . It is striking that Bale monkey groups in both habitats 418 go to the middle strata to rest. This behavior is consistent with the hypothesis that some primates 419 position themselves in places that make them maximally hidden during a period of vulnerability, 420 from both terrestrial and arboreal predators (Grueter, Li, Ren, & Li, 2013) . Despite the architectural differences between habitats (continuous versus fragmented canopy), monkeys 422 most frequently used medium to large horizontal branches to rest in well-hidden parts of the 423 tree crown as well as to ensure stability (Grueter et al., 2013; McGraw, 1998a) .
424
While feeding arboreally, Bale monkeys most frequently used twigs, followed by branches, 425 for support regardless of forest type, a pattern similar to that reported in other forest primate 426 studies (e.g., Houle et al., 2007; Huang et al., 2015; Youlatos, 2002) . Bale monkeys usually longer distal fore-and hind limb segments for running and galloping in terrestrial habitats and 441 longer tails for keeping balance during the transition between arboreal strata and the ground 442 (Anapol & Gray, 2003; Anapol et al., 2005; Gebo & Sargis, 1994) . Though we have no 443 quantitative data on morphological variation between Bale monkeys in continuous forest and 444 forest fragments, monkeys in fragments appear to exhibit some morphological differences (e.g., 445 longer tails) from those in continuous forest (Mekonnen et al., 2012) . Bale monkeys in documented from mtDNA (Haus et al., 2013; Mekonnen et al., in press) and to explore the 472 implications of hybridization on the positional behavior and semi-terrestriality of Bale monkey 473 populations in forest fragments.
475
Implications for Bale monkey conservation 476 In the current study, Bale monkeys were flexible enough to exhibit variation in degree of 477 terrestriality, locomotor modes, and feeding postures to cope with the impacts of habitat 
